Aims To assess the relationship between alcohol intake frequency and mortality among males and females in three Eastern European populations, and to estimate the additional mortality risk posed by a combination of frequent drinking, binge drinking and other hazardous drinking habits. Design Retrospective cohort study; the cohort consisted of close relatives of survey participants. Setting Middle-sized settlements in Russia, Belarus and Hungary. Participants A total of 124 150 subjects aged 35-69 years in 1998 and followed-up until 2013. Measurements Survey respondents provided information on their mothers, fathers, siblings and partners of female respondents. This information, including current vital status and dates of birth and death, was used to construct the cohort of relatives. Alcohol consumption indices, reported by survey participants, included drinking frequency, binge drinking and hazardous drinking [consuming non-beverage and/or illicitly-produced alcohol and/or heavy drinking over several days (zapoi in Russian)].
INTRODUCTION
Two decades of mortality research in Eastern Europe following the collapse of communism precipitated a major reassessment of the contribution of alcohol to population health. While the role of alcohol in liver cirrhosis, injuries and violence has long been recognized, less was known about its association with other diseases. For example, the first Global Burden of Disease study stated that 'alcohol is cardioprotective at all levels of consumption' [1] . Using aggregate data, early studies investigating both the high overall mortality and its large fluctuations in the former Soviet Union countries in the 1990s revealed close temporal [2] and, later, geographical [3] associations with deaths from a range of conditions. Subsequent studies, using a range of methods, identified mechanisms by which hazardous drinking might affect these other causes of death [4] [5] [6] .
A series of individual-level studies in Russia followed, including case-control [7] [8] [9] and cohort studies [10, 11] , with one of the former [7] using validated methods collecting data from proxy informants (close relatives) to overcome the challenges of obtaining information about sudden deaths [12] . These studies identified three types of hazardous drinking. The first is binge drinking, or episodic consumption of large volumes on a single occasion. The second is drinking alcohol products not intended for consumption, ranging from technical alcohols, such as cleaning fluids, to medicinal tinctures and aftershaves (odekolon in Russian). These low-cost alcohols were widely available in the 1990s and early 2000s in many postSoviet countries [13, 14] , and contain between 70 and 95% ethanol [15, 16] . A study in the Russian city Izhevsk found that one in 12 working-age men consumed surrogate alcohols [17] . The third relates to drinking to intoxication for several days, preventing the individual involved from functioning normally (zapoi in Russian). In the Izhevsk study one in 10 working-age men had experienced zapoi in the previous year [17] .
Although hazardous drinking is common in many former communist countries, including the Soviet Union and former Soviet satellites in Central Eastern Europe, mortality trends have varied during the past three decades. This partly reflects differences in the underlying political changes [18] , and may partly reflect socio-economic differences between populations, which are important determinants of hazardous drinking [17] . However, there are national differences in predominant patterns of drinking [19, 20] . In contrast to Russia, research in Central European countries focused upon the overall volume of alcohol drunk and the consumption of homemade alcohols containing long-chain alcohols [21] linked to cirrhosis and inflammatory responses [22, 23] , rather than episodic heavy consumption.
This raises the question of the extent to which the research on hazardous drinking from Russia is applicable to other countries. In this paper, we explored whether those forms of hazardous drinking that have been implicated in mortality among Russian men are also associated with mortality in other countries and in women. Specifically, we investigated the relationship between alcohol intake frequency and mortality three Eastern European populations (Hungary in Central Europe and Russia and Belarus in the former Soviet Union), estimated the additional mortality risk posed by combination of frequent drinking, binge drinking and other hazardous drinking habits, and whether the observed associations are consistent between men and women and across populations.
METHODS
We used data from the PrivMort retrospective convenience cohort study [24] . As the primary aim of this study was to test the hypothesis that rapid privatization in the 1990s was associated with increased mortality, it was undertaken in a sample of settlements (towns and cities) selected based on whether the local economy was dominated by a single enterprise or multiple enterprises and whether post-communist privatization was slow or fast. Although we refer to countries, the samples were not designed to be nationally representative.
Study design
We used a modified demographic method developed for estimating mortality in settings where conventional data are not available. In this method, information collected from informants in sample surveys about the survival status of relatives is used to assess the mortality risk of these relatives.
Participants
Population-sample surveys were conducted in 30 middlesized settlements in Russia, 20 settlements in Belarus and 52 settlements in Hungary. Randomly chosen respondents born before or in 1972 were asked about vital status and other characteristics of their close relatives during the period of post-communist transition, thus providing information on mortality across a range of age-and space-specific cohorts. Face-to-face interviews with respondents were conducted by trained interviewers in 2014 and 2015. In Russia, Belarus and Hungary, 22 997, 16 000 and 24 076 respondents provided information on 71 009, 55 976 and 78 622 relatives, respectively. The corresponding response rates were 48, 39 and 85% of those invited to participate. The study was approved by the University of Cambridge Ethics Committee.
Measurements
The respondents answered questions about themselves and about the current vital status, alcohol consumption and other characteristics of their close relatives (e.g. demographic characteristics, residential and employment histories, education and smoking). Information was collected on up to five relatives: mother, father, maximum two siblings and, if female respondent, first long-term partner/spouse. The first partner was chosen to avoid differential exclusion of men who died prematurely. Previous research suggested that women recalled life events more accurately than men, therefore only female respondents were asked about their partners [25] . Detailed information was collected on up to two surviving siblings; few respondents had more than two eligible siblings.
The survey asked about each relative's usual alcohol consumption, without specifying time-period. The question on the frequency of drinking any alcohol was asked about all relatives. Five categories were used in Hungary. Excluding relatives who never drank alcohol (abstainers), information was also collected on the pattern of drinking: (1) frequency of drinking approximately 0.5 litres (half bottle) of vodka (pálinka in Hungary) (approximately 160 g of ethanol) or two bottles of wine (approximately 140 g of ethanol) or five half-litre bottles of beer (approximately 100 g of ethanol) in one evening (binge drinking); (2) frequency of drinking illicitly produced alcohol; (3) frequency of drinking surrogate alcohols; and (4) frequency of drinking all day, for 5 or more days (zapoi in Russia and Belarus). Responses to these questions were dichotomized (yes versus no). These three variables were used to construct a category labelled 'risky drinking' (illicit alcohol and/or surrogates and/or zapoi). Risky drinking was considered missing for those relatives who had no observations on all variables used to construct the measure. Cronbach's alpha coefficient of the three items used to create the 'risky drinking' indicator was 0.63, and the correlations between the three items and the indicator ranged from 0.41 and 0.52, suggesting acceptable internal consistency of the indicator.
To identify people with the potentially most harmful drinking habits, the relatives were classified into those who engaged in (1) binge drinking alone, (2) risky drinking alone, (3) both binge and risky drinking or (4) neither binge nor risky drinking. To investigate the role of drinking pattern in the association between alcohol and mortality we compared the effect of drinking frequency on mortality in these different types of drinkers. Because of small numbers of regular and risky drinkers in women, we combined the two highest categories for the analysis of drinking frequency into a single category ('several times a week or more') and dichotomized drinking frequency (into 'up to once a month' versus 'once a month or more') for the analysis of risky drinking pattern. While we could not validate the measures formally, all alcohol consumption indices were associated with known predictors (such as age, education, marital status and smoking) in the expected direction, with associations being strongest for the combined outcome (Supporting information, Table S1), providing indirect support for their validity.
Covariates used in the analysis were selected based on pre-existing evidence of their associations with alcohol consumption and mortality. They include smoking (never smoked, former or regular smoker), educational attainment (no education, elementary, academic secondary, vocational secondary, vocational higher or academic higher), marital status (single, married/co-habiting, divorced/separated or widowed), demographic measures (birth year and country of residence) and basic characteristics about the respondent (relation to relative, birth year and sex). Relatives with missing observations on mortality, drinking frequency or covariates were excluded from subsequent analyses.
Statistical analysis
The analytical sample included deaths occurring between 1998 and 2013 in adults aged between 35 and 69 years at the start of the follow-up period to avoid retrospective reporting over a very long period. Follow-up time was defined as the time in years from 1998, or the year the relative first became at risk if later than 1998, to the year of death or 2013 for surviving relatives. A total of 76 883 male and 52 967 female relatives met the inclusion criteria.
We used Cox proportional hazards regression to estimate the effects of alcohol on all-cause mortality. We report hazard ratios (HRs) with 95% confidence intervals (95% CIs). We conducted country-specific (to assess consistency between populations) and gender-specific analyses (because of large gender differences in drinking patterns). As the largest mortality increases during the postcommunist transition were observed in working-age people, we also stratified the analysis by baseline age (< 55 years and 55+ years). HRs were first adjusted for the relatives' year of birth and country of residence and characteristics of the respondent, and then adjusted additionally for smoking, education and marital status. The proportionality assumption was examined using lognegative log plots and weighted testing of Schoenfeld residuals, neither of which suggested important violations of the proportional hazards. The drinking frequency of 'up to once a month (on special occasions)' was used as the reference category. Analyses of risky drinking pattern were restricted to drinkers (excluding abstainers and those who quit drinking). Finally, we conducted additional analyses for the effect of binge drinking and risky drinking on total morality, adjusting for drinking frequency (Supporting information, Tables S1 and S2). We tested formally for heterogeneity between countries by including interaction terms for alcohol measures and country to the regression models. All analyses were conducted in Stata SE, version 14 [26] .
RESULTS
After excluding missing observations, 124 150 (41% female) relatives were included in the mortality analysis. A total of 24 066 male and 11 258 female deaths from all causes were reported during 959 645 and 709 324 person-years of follow up, respectively. Significant interactions suggested that there was heterogeneity between countries, especially in men (P < 0.001). Table 1 shows descriptive characteristics of the relatives of respondents by country and gender. There were some notable differences in alcohol consumption between countries. In men, regular drinking (almost every day) was more common in Hungary than in Russia and Belarus, but the Measures of risky alcohol consumption do not include relatives who never drank. Total number of informants was 64590.
reverse was true for binge drinking (almost 30% in Russia and Belarus versus 19% in Hungary). The prevalence of zapoi was as high in Hungarian as in Russian men (8%) and slightly lower in Belarus. The proportions consuming informally produced and surrogate alcohols were higher in Russia than in the other countries but, overall, were not high. In men, the prevalence of risky drinking was similar in Russia and Hungary (12 versus 11%) and slightly lower in Belarus (8%). Risky and binge drinking was rare in women in all countries. Table 2 shows results for drinking frequency and allcause mortality. In fully adjusted models, mortality risks were highest among men drinking almost every day (HRs were 1.98 in Russia, 1.85 in Belarus and 1.65 in Hungary). A similar pattern but with higher hazard ratios was observed in women (2.70 in Russia, 4.02 in Belarus and 2.10 in Hungary). In Russia, abstainers had a lower mortality risk than occasional drinkers (in the other countries, results fell just short of statistical significance). In both genders, those who quit drinking had significantly lower HRs for mortality, but the results are difficult to interpret because it is not clear when and why the behaviour change occurred. Table 3 shows the HRs of mortality by drinking pattern in male drinkers, relative to those who were non-binge drinkers, non-risky drinkers and were drinking up to once a month. In all countries, the strongest association of mortality with drinking frequency was seen in men engaged in both binge and risky drinking; in each country, drinking almost daily combined with both risky and binge drinking was associated with more than twofold increased mortality, compared with occasional non-binge/non-risky drinkers. There were some differences between countries in other pattern groups. Most notably, among men who did not engage in binge or risky drinking, mortality was associated strongly with drinking frequency in Russia but less so in the other countries.
In women (Table 4) , the numbers of individuals and events in binge and risky drinking categories were small but, similarly to men, more frequent drinking combined with both binge and risky drinking exhibited the strongest association with mortality in all countries, with an approximately threefold increase in mortality risk in this group. Associations with mortality in other drinking pattern groups were similar throughout countries.
We attempted to separate drinking pattern from drinking frequency by adjusting the association between drinking pattern and mortality for drinking frequency (Supporting information, Tables S2 and S3). The results consistently showed the highest mortality risk with the combination of binge and risky drinking across countries and genders.
Alcohol-related mortality during the post-communist period was most pronounced in working-age people, thus in Table 5 we present analyses stratified by age (< 55 years and 55+ years).
Consistent with the hypothesis, the HRs associated with frequent consumption in combination with binge and risky drinking were approximately twofold higher in younger relatives.
DISCUSSION
This large retrospective indirect cohort study in Russia, Belarus and Hungary found a strong association between drinking frequency and all-cause mortality, confirming previous mainly aggregate-level reports in the wider region [19, 20] and individual-level reports in Russia [8, 9] . In all three countries and in both genders, the greatest increase in mortality risk was associated with the combination of high drinking frequency with both binge and risky drinking. The effect of drinking pattern did not appear to be driven solely by drinking frequency. Among men who did not engage in binge or risky drinking, drinking frequency was associated strongly with mortality in Russia, but less strongly in the other countries. Despite the rarity of frequent and risky drinking among women, the associations of alcohol with mortality in women were as strong as in men.
Limitations and strengths
The main limitation is that alcohol consumption was reported by proxy respondents. Surveys tend to underestimate alcohol consumption and inaccurate reporting of alcohol consumption may be exacerbated by using proxy respondents. In addition, the proxy informant attribution of death of a relative to alcohol may bias his/her reporting of alcohol intake of the relative and result in biased estimates of relative risk. However, acceptable agreement was found previously between alcohol consumption reported by relatives and self-reported by index subjects, particularly for ordinal measures such as drinking frequency [27] . Reliable assessment by proxy informants may be more difficult for deceased relatives, although two casecontrol studies in Russia elicited reliable retrospective information on alcohol from proxy respondents [7, 8] . An indirect support for the validity of alcohol measures in this study is provided by expected correlations with known predictors. To reduce biases associated with long recall periods and changing time trends, the follow-up was restricted to the last 16 years. Our prevalence estimates of frequent drinking and abstention appear lower and higher than in some other studies in Eastern Europe, but estimates of binge drinking prevalence were broadly similar [28, 29] . In addition, the distributions of alcohol drinking were similar throughout the countries in our study, suggesting that the method performs adequately. On balance, the under- Reference category is 'up to once a month with no binge or risky consumption'. Analysis is restricted to drinkers; never drinkers and those who quit drinking were excluded. Analysis is adjusted for year of birth of relative, country, relation to informant, sex and year of birth of informant, marital status, education and smoking. Reference category is 'up to once a month with no binge or risky consumption'. Analysis is restricted to drinkers; never drinkers and those who quit drinking were excluded. Analysis is adjusted for year of birth of relative, country, relation to informant, sex and year of birth of informant, marital status, education and smoking.
reporting and/or misclassification of alcohol consumption means that the reported hazard ratios probably underestimate the underlying mortality risk associated with longterm alcohol consumption and drinking patterns. A related but important limitation is the lack of information on the volume of alcohol consumed. It would be difficult for the informants to know or, if they did, to recall, this type of information accurately. Consequently, we could not separate the average volume of drinking from drinking pattern, and the estimated hazard ratios for drinking pattern may partly reflect the volumes consumed.
The analysis was adjusted for major conventional confounders (sex, age, smoking, education and marital status), but no data were available on relatives' health, long-standing illnesses and other factors. Thus, residual confounding cannot be ruled out.
The relatively low response rates in Russia and Belarus affects representativeness and may introduce selection bias. Non-response is not random; it is usually associated with lower socio-economic status, more risky behaviours and worse health status. Given that family members are more likely to be of similar socio-economic and health status, the sample of relatives may not represent fully the entire socio-economic spectrum. Given the nonrandom nature of missingness the overall levels of drinking in Russia and Belarus may have been underestimated, and the absolute levels of alcohol indices may not be directly comparable between countries. However, the associations of drinking with mortality should not be affected, unless non-response was associated with misreporting of both alcohol intake and mortality of relatives of survey respondents. Results stratified by baseline age; younger than 55 versus 55 years or older. Adjusted for year of birth, country, relation to informant, sex and year of birth of informant, marital status, education and smoking. Far-right column shows results for the combination of binge and risky drinking from the analysis of drinking pattern and mortality.
The major strengths of this study are the large sample size with a large number of deaths, inclusion of several questions on hazardous drinking and adoption of a uniform protocol in all countries allowing examination of consistency of results throughout populations with different drinking cultures.
Interpretation of the findings
The findings indicate that hazardous drinking is associated with increased mortality. This is consistent with the Izhevsk case-control [7] and prospective cohort [10] studies which found a strong effect of hazardous drinking on mortality of working-age men. Despite some differences in the distributions of drinking behaviours, we found similar associations between the risky drinking pattern and mortality in Belarus and Hungary, although the hazard ratios were somewhat weaker than in Russia. Much of the existing literature focused on men; our study suggests that the effects of risky drinking pattern are equally salient in women. A study in Arkhangelsk, Russia, also found a strong association between mortality and alcohol consumption in women [30] .
Binge drinking alone was not related strongly to mortality after accounting for risky consumption and drinking frequency. An earlier convenience cohort study of relatives in Russia reported a higher risk of mortality in male binge drinkers, even after accounting for drinking frequency [31] . However, not all previous studies in Russia found a strong effect of binge drinking on mortality. In a prospective urban cohort in Russia [11] only male regular heavy drinkers had approximately double the risk of mortality compared to moderate drinkers. Similarly, a large prospective cohort study of Eastern European men and women (including Novosibirsk, Russia) found higher mortality risk at high average levels of alcohol intake, but drinking pattern had little effect (except on alcohol-related deaths in men) [32, 33] . However, these studies assessed alcohol consumption using different measures and did not examine risky drinking. Risky drinking, as defined in this study, probably reflects more extreme heavy alcohol consumption than bingeing, which may also explain why risky drinking without binge drinking was relatively uncommon.
In our study, mortality risk increased with increasing drinking frequency in both genders and all countries, without a protective effect on mortality at low or moderate frequency of drinking. We extend this observation, consistent with a previous Russian convenience cohort study [31] , to Belarus and Hungary.
There is growing evidence that heavy regular or episodic drinking increases the risk of both short- [34] and long-term cardiovascular mortality [32, 33, 35] . In a meta-analysis, moderate drinking (< 60 g of ethanol per day) no longer had a cardioprotective effect when combined with at least monthly heavy drinking episodes [35] . Binge drinking also increases the risk of death from injury and other external causes [36] . Similar mechanisms are probably involved in risky drinking.
In Russia, hazardous drinking patterns have been implicated both in the mortality crisis of the 1990s [2, 4] and high long-term mortality [28, 31, 37] . Our findings support and extend this hypothesis, in that they suggest that drinking pattern is associated with mortality in Russia, Belarus and Hungary in both genders, and particularly when it also includes binge drinking. The relative risks were as high in women as in men, although given the low proportion of drinkers in women, the population impact of alcohol in women is likely to be smaller than in men.
We were surprised by the lower risk among former drinkers, but this may be a methodological artefact. Relatives who were alive at the time of the survey were likely to be reported as 'quitters' even if they had stopped drinking shortly before the interview, while those who died were likely to be remembered as 'drinkers' if they were long-term drinkers, even if they had stopped drinking before death. Unfortunately, we did not have sufficient data to test this hypothesis.
CONCLUSION
This study confirms that alcohol is associated with increased adult mortality risk in Russia and other Eastern European countries, with effects in women as strong as in men. The increased mortality risk in drinkers with a hazardous pattern gives weight to the argument that the pattern of drinking, and not just average levels of alcohol consumption, is fundamental for understanding the relationship between alcohol and high mortality in Russia and other post-communist countries.
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Odds ratios of various drinking habits across categories of sex, smoking, education and marital status in the three countries. Table S2 Country-specific hazard ratios (95% confidence intervals) for hazardous drinking pattern in relation to all-cause mortality adjusted for drinking frequency in men. Table S3 Country-specific hazard ratios (95% confidence intervals) for hazardous drinking pattern in relation to allcause mortality adjusted for drinking frequency in women.
